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C BY-NC-Abstract Fructone (2,4-dimethyl-2-ethylacetoacetate-1,3-dioxolane) was synthesized from ethyl
acetoacetate (EAA) with 1,2-propanediol (PPO) catalyzed by aluminium sulfate in the presence of
ionic liquid. The combination of aluminium sulfate and [bmim]BF4 exhibited good catalytic activity
and high selectivity towards fructone. A synergistic effect of aluminium sulfate and [bmim]BF4 on the
acetalization was observed. After the reaction was completed, the products could be separated from
the reaction mixture extracted by dimethyl ether, and the catalyst and ionic liquid could be directly
recycled several times without a signiﬁcant decrease in the activity and selectivity towards fructone.
ª 2010 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Fructone (2,4-dimethyl-2-ethylacetoacetate-1,3-dioxolane) is a
ﬂavouring material with apple scent. It is widely used as fra-
grance, in cosmetics, as food and beverages, in pharmaceuti-
cals, in detergents, and in lacquer industries. Fructone can be
synthesized by the acetalization reaction of ethyl acetoacetate
(EAA) with 1,2-propanediol (PPO) in the presence of acid cat-
alysts (Fieser and Stevenson, 1954) (Scheme 1), such as sulphu-. Lin).
y. Production and hosting by
Saud University.
lsevier
ND license.ric, hydrochloric, p-toluenesulfonic acid, etc. These acids are
corrosive and the excess acids have to be neutralized after
the reaction, which leaves considerable amount of salts to be
disposed off into the environment. Because water impedes
the equilibrium shift to the fructone formation, conventional
method of the acetalization reaction involves the use of water
removal agent to remove the produced water.
Nowadays, reduction of environmentally unacceptable
waste to minimize environmental pollution is the crucial factor
for developing environmentally friendly catalyst (Tundo,
1999). In order to create a cleaner technology, it is necessary
to replace these conventional hazardous and polluting corro-
sive liquid catalysts with solid acid catalysts, which are deemed
less noxious than traditional liquid acids (Justus et al., 2008;
Parambadath et al., 2004; Climent et al., 2004; Zhang et al.,
2006). Hence, solid acids are being more widely used as non-
volatile materials. However, solid acids catalysts often suffer
from problems associated with the generation of side reactions,
corrosion, high cost of catalysts, tedious puriﬁcation proce-
dures, long reaction time and using large amounts of volatile
organic solvents.
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Scheme 1 Synthetical route of fructone.
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vel environmentally friendly solvents, have received increasing
recognition and acceptance in the ﬁeld of organic synthesis and
catalysis (Wasserscheid and Keim, 2000; Welton, 1999; Du-
pont et al., 2002). They exhibit great potential advantages in
the development of novel catalytic technologies of organic syn-
thesis with high yield and selectivity (Lin et al., 2007a; Lin
et al., 2007b; Lin et al., 2007; Li et al., 2010). Wang and co-
workers (2007) reported the preparation of fructone catalyzed
by Brønsted acid ionic liquids. Besides this development, little
much research has been performed on the details of the mech-
anisms of the reaction catalyzed by Brønsted acid ionic liquids,
and the activities are still comparatively low. Recently, we have
successfully described the application of ionic liquids in organ-
ic synthesis (Lin et al., 2007a; Lin et al., 2007b; Lin et al., 2007;
Li et al., 2010). Encouraged by this progress, herein we report
our recent advances in the preparation of fructone using a
recoverable catalytic system, which is very efﬁcient in the ace-
talization of ethyl acetoacetate (EAA) with 1,2-propanediol
(PPO) to form fructone in high yield and selectivity without
any additional solvent.Table 1 Effect of the type of medium on the acetalization
reaction.
Entry Al2(SO4)3 (mmol) Solvent Conv. (%)
a Sel. (%)b
1 0.25 cyclehaxane 63.8 100
2 0.25 [bmim]BF4 89.6 100
3 0.25 [bmim]PF6 90.3 100
4 0.25 [bmim]HSO4 73.9 100
5 0.25 [bmim][H2PO4] 59.0 100
6 0.25 [bmim]OH 3.7 100
7 0 [bmim]BF4 43.4 100
8 0.075 [bmim]BF4 68.4 100
9 0.10 [bmim]BF4 80.2 100
10 0.50 [bmim]BF4 84.5 100
11 0.75 [bmim]BF4 83.9 100
Reaction conditions: n(EAA): 11.4 mmol, n(PPO)/n(AAE) = 1.2:1,
ionic liquid 1 mL, 70 C, 1.0 h.
a Conversion: percent of converted ethyl acetoacetate
b Selectivity: selectivity of fructone2. Experimental
2.1. Chemicals and instruments
1-Methyimidazole (Fluka, >99%) and 1-butanebromide
(Lancaster, >99%) were distilled before use. Aluminium sul-
fate (Acros, >99.999%), Hexaﬂuorophosphoric acid (Acros,
60 wt% solution in water), p-toluene sulfonic acid and other
reagents are analytical grade. A series of ionic liquids [bmim]X
(X=BF4 , PF

6 , HSO

4 , H2PO

4 , OH
) were synthesized
according to the procedure in literature (Keim and W., 2000;
Fraga-Dubreuil et al., 2002; Ranu and C., 2005) in our
laboratory.
2.2. Preparation of fructone
The reaction was performed in a 60 mL three-necked round-
bottomed ﬂask with a magnetic stirrer. A typical procedure
was as follows: the desired amount of ethyl acetoacetate
(EAA), 1,2-propanediol (PPO), aluminium sulfate and ionic li-
quid were added to three-necked ﬂask. The reaction mixture
was magnetically stirred at the desired temperature in a sili-
cone oil bath. The progress of the reaction was monitored by
thin-layer chromatography (TLC). After the reaction was
completed, the products were extracted by dimethyl ether.
The ionic liquid layer containing catalyst was reused in the suc-
cessive runs. The compositions of products were determined by
6890/5973N GC–MS (HP-5MS, 0.25 mm · 0.25 lm · 30 m)
and GC4000 equipped with a ﬂame ionization detector
(FID) and a capillary column PEG-20 (30 m ·
0.25 mm · 0.25 lm, supelco wax10). The products were puri-ﬁed by column chromalography (silica gel 60-120 mesh, ace-
tone/petroleum ether = 2:8). The products were
characterized by comparison of their 1H NMR, IR and mass
spectrometers with authentic samples. FT-IR spectra was ob-
tained on a FT-IR-8400S spectrometer. The samples were pre-
pared as KBr and scanned against a blank KBr pellet
background.
3. Results and discussion
3.1. Synergistic effect of ionic liquid and catalyst
The effects of catalytic system on the conversion of EAA were
investigated and the results are summarized in Table 1. The re-
sults indicated that the activities of catalytic systems were
greatly affected by the different anions of ionic liquids. Com-
pared with the homogeneous system (Entry 1), the activities
of the catalytic systems were high in the imidazolium-based io-
nic liquids containing BF4 and PF

6 (Entry 2 and 3). The lower
activities of the catalytic systems were observed in imidazoli-
um-based ionic liquids with acidic counterions, HSO4 and
H2PO

4 (Entry 4 and 5). Scarcely any reaction occurred when
[bmim]OH was used as the reaction solvent (Entry 6). As
shown in Table 1, the activities of anions decrease in the fol-
lowing order: PF6 > BF

4 > HSO

4 > H2PO

4 > OH
,
which indicated that the property of inoic liquid inﬂuenced
the catalytic activity of the catalytic system in the acetalization.
The weaker acidity of the ionic liquid with BF4 or PF

6 was in
favour of the reaction. In contrast, the stronger acidity or ba-
sicity of the ionic liquid was reponsible for its poor activity,
which probably resulted from the existing forms of aluminium
sulfate affected by the acidity or basicity of the catalytic sys-
tem. Although the activity of [bmim]BF4 was slightly lower
than that of [bmim]PF6, [bmim]BF4 was chosen as the catalyst
Table 2 Recycling of the catalytic system.
Run 1 2 3 4 5 6a
Conv. (%) 91.1 92.7 91.2 89.0 86.6 91.8
Reaction conditions: n(AAE): 11.4 mmol, n(PPO)/n(AAE) = 1.2:1, n(catalyst) 0.25 mmol, ionic liquid 1 mL, 100 C, 1.0 h.
a 0.05 mmol Al2(SO4)3 was added.
Preparation of fructone catalyzed by aluminium sulfate in ionic liquid medium 103for the reaction because it is cheaper and has satisfactory
activity.
The effects were examined upon the conversion and selec-
tivity by changing the ratio of [Al2(SO4)3]/[bmim]BF4 at a con-
stant usage of 1 mL [bmim]BF4. When aluminium sulfate or
[bmim]BF4 was used alone, the conversion of EAA was low.
The conversion of EAA was lower than 45% under the same
conditions in the absence of aluminium sulfate. However,
when aluminium sulfate and [bmim]BF4 were simultaneously
used, a synergistic effect promoting the conversion of EAA
in the acetalization reaction was observed. The highest conver-
sion of EAA could reach 89.6% at [Al2(SO4)3]/
[bmim]BF4 = 0.03 (molar ratio). The change of [Al2(SO4)3]/
[bmim]BF4 ratio did not obviously inﬂuence the catalytic activ-
ity. This result indicated that the addition of aluminium sulfate
could enhance the acetalization reaction.
3.2. Catalyst recycles
The feasibility of a catalytic process depends on the reusability
of the catalyst. In the present work, the ionic liquid played a
dual role as the solvent and the catalyst. The reusability of
the catalyst and ionic liquid in the acetalization of EAA with
PPO into fructone was studied under the optimal reaction con-
ditions. After each run, the organic products of the reaction
were carefully extracted with diethyl ether, and the ionic liquid
layer containing aluminium sulfate was directly reused in the
successive recycling runs without any pre-treatment of the cat-
alyst. As shown in Table 2, the catalyst and ionic liquid could
be reused for ﬁve runs without any signiﬁcant decrease in the
activity and selectivity. It was found that the majority of alu-
minium sulfate was retained in the ionic liquid layer and was
not extracted with ether. The gradual decrease in the activities
could be due to the loss of the catalyst during handling and
transferring of the solution. In order to verify the conclusion,
0.05 mmol Al2(SO4)3 was added into the catalytic system in the
sixth run. The conversion of EAA was recovered to the origi-
nal level (run 6 in Table 2). This phenomenon supported the
above-mentioned opinion.
4. Conclusion
The catalytic system exhibited high catalytic activities in the
acetalization of EAA with PPO for synthesizing fructone.
The reaction conditions to synthesize fructone were optimized
as follows: molar ratio of PPO to EAA being 1.2:1, the molar
fraction of aluminium sulfate being 1.0%, reaction tempera-ture being 70 C and reaction time being 1 h. In this case, an
EAA conversion of 89.6% with the fructone selectivity of
above 99.0% was achieved. Importantly, the aluminium sul-
fate and the ionic liquid could be easily separated by simple
extraction and reused ﬁve times without loss of activity and
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